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,. SUM”MARY

An inves,tfgation was” made in the NACA 7- by 10-foot
wind tunnel to determine the effect of slot-lip location
on the aerodynamic section characteristics of an NACA
23012 airfoil with a 30-percent-chord slotted flap.
Tests were made with slot lips located at 90 and 100 per-
cent of the airfoil chord and with two different flap
shapes.

The results are compared with a slotted flap previ-
ously developed 3Y the Nati6nal Advisory Committee for
Aeronautics with a slot lip located, at 83 percent of the
airfoil chord. The extension of the slot lip to the rear
increased the section lif.t””and pitching-moment coefficients.

Comparisons made”on a basis of pitching moment for
a given tail length show that the” Fowler type flap, lip
extended to trailing edge of the airfoil, has the greatest
section lift coefficient. For moderate tail lengths, 2
to 3 chord lengths, there was only a slight difference
between the previously developed slotted flap and”the slot-
ted flap with slot lip extended to 90 percent of the air-
foil chord. Of the tli&ee flaps tested, the,Fowler’flap
had the lowest drag coefficient at h~gh lift coefficients.
The extension of the lower surface at the leading edge of
the slot had a negligible effect ~a~’the profile drag of
the airfoil-flap arrangement with the.flap deflected when
the lip terminated at 90 percent of the airfoil chord. “’

... ..” ..
.-

INTRODUCTION ‘
.—

.4 .,,.
,,

The National Advj,sory .commi~.tee. fo”r:~eronautics “ha-s
und:~rtsfken.an extensive investiga”tf~n of high=”lift” devic’es
to furnish information applicable to the design of more
efficient and safer airplanes. Some of the desirable aero-
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dynamic features of high-lift iievicsd ‘are: high lift
with variable drag for landing~ high lift wfth low drag
for take-off and initial climb, no increase In drag with
ths device neutral, and small’ change In pitching moment
with the device in operation- One of the most promising
d’evlces developed up. to the present ‘time is an airfoil
in combination with a slotted.flap. Aerodynamic and load
data are available on 12-p.ercent. thick airfoil-flap oom-
binati.ons in references 1 to 6; references 1 and 2 give
aerodynamic data for slotted flaps with a short lip exten-
sion developed by the IJACA; and. references 3 and 4 give

“ aerodynamic data for Fowler flaps on which the slot lip
extends to the trailing edge of the airfoil, Load data
are given in reference 5 for one of the slotted flaps and
in reference 6 for the Fowler flap,

l?he present tests broadened the investigation to in-
clude slotted flaps with slot-lip extensions between slot-
ted flap 2-h (reference 1) with the slot lip extended to
83 percent of the airfoil chord and the Fowler type flap.

MODELS

-h-

The airfoil model used,in these tests has a chord:of
3 feet and a span of 7 feet; it conforms to the NACA 23012
airfoil..profile .(table I) and is made of mahogany and
waterproofed wallboard. The basic model is provided with
,,a removable trailing-edge section that allows easy chang-
ing of slot-lip length and slot shape. Three flap arrange-
ments were used in the .test,s: Two of, them have slot lips
terminating at 0..9oc(9c) percent of the basic airfoil with
flap retracted) .and will be called slotted flaps l-a and
l-b; the third one has:the slot lip. terminating at 1.00c
and is a B’owler flap, ,(See ’fig. 1.)

..
The full-,spap flaps ’were built of laminated mahogany

with a chord of 0,30c (10.8 in.) and were fastened to the
airfoil with sevaral thin-steel fittings- The Yowler fla

Y(fig. 1) conforms to the Clark Y airfoil profile -(table I .
The two slotted flaps (fig. 1) have a Clark Y profile modi-
fied to conform to the NAOA:.23012 airfoil back of the slot
lfp with the flap in the fully retracted position and k
faired to the nose radius of the flap by progressive vari-
ation o,f the Clark Y upper stzrfaoe’ordihateb (table I)*
All the flaps could be mo.ved.normal to”.’theafrfoil chord,

#
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the slotted’f3aps along a line 0,0025c ahead of theslot
lip and the Fowlerflap along a line.at the l.OOc. stai-~on.
Flap deflections of 60° in.10o increments were possible
with all arrangements, No arrangement was made for fully
retracting the flaps.

The slot shapes for the two slotted flaps follow the
same general profile (ta%le I); for slotted flap l-a, how-
ever, the lower surface of the” airfoil extended 0.020c
back of the slot entry for slotted flap l-b, forming s
seal when the flap was fully retracted. (See fig. 1.s)
The slot shape for the )?owler flap is made to clear tile
flap in the fully retracted position, as shown in figure 1.

TESTS

The models were so mounted in the closed test section
of the NACA ‘i’-by 10-foot wi.nd’tunnel that they completely
spanned the jet except for small clearances at each end.
(See references 1 and ‘7.) The main airfoil was rigidly
attached.to the balance frame ty torque tubes extending
through the upper and the lower boundaries of the test
section. The angle of attack was changed from outside the
tunnel by a calibrated electric drive connected to the
torque tubes. Approximately two-dimensional flow is ob-
tained with this test installation and-the section charac-
teristics of the model under test can be determined.

I?or all the tests a dynamic pressure of 16.37 pounds
per square foot was maintained; this-pressure co~responds
to a velocity of about 80 miles per hour under standard
conditions and to’ari average test Reynolds number of about
.2JJ30,000. 3ecause of turbulence in the a~r stream the
effective’.Reyn”olds number”, based on “the chord of the “air-
foil with flap retracted and a turbulence factor for.the
tunnel of 1.60 was approximately 3,500,0000 (See refer-
ence 8,)

... . . .,,
Tests were made ~ith the Fowler flap and slotted flap

l-a to determine the optimum gap for conditions of low
drag coefficient “throughout the:lift range and for maximum
lift coefficient. Tests Were made on slotted flap l-b
with the flap located at the optimum position for slotted
flap l-a. Lift, drag, and pitching moment were measured
for the slotted flaps throughout the lift range from ap-
proximately zero lift to the stall and for flap deflection
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$.rom 0° to the
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de.fleotion for maximum lift at 10° incre-
‘Fowler ‘flap slrnil”ardata were ,obtained
angle-of-attack range from -6e to the stall

and ,for flap defle~tions at 10° increments. No tests were
made above the stall because of unsteady conditions of the
model- ,

. . .

RESULTS AND DISCUSSION
%

.~.
Coefficients,!,

All test results are given in standard nondimensional
seotion coefficient form corrected as explained in refer-
ence 1.

cl section lift coefficient (1/qc)

=do T s~ctioq profile-drag coefficient-ldo/qc)

section pitching-moment coefficient about
y(a.c.)o aerodynamic center of plain airfoil

‘m(a.cc)o/qca)

where
,,

t section ~~,ft.

do section profile drag

‘).rn(a.o. ~ ~“section pitching mo’ment

q dynamic pressure (1/2 pV2) ‘

c chord of ba~$c airfo,il .with”flap retracted

and .. .
, . .,

‘O angle of attack corrected to infinite aspect
. . ratio , .,,“ !,,. ----

8f”. flap deflection, rneasuyed between airfoil
chord line and flap chord line 6

.

. #
,.
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The accuracy of the .~ari”o~s’~~easuremerits in the teste ‘“
--

is believed to be within the following limits:

CLO . . ...* +0.10 ,.cd +0.0006
O(C1 = 1..0)” “ “

cl ,.e +0.03 “ ~d” +0.002
max” “ “ -

*=*
. . O(CI = 2.5)

,, Cm(ajc. )o. ,.’. +0-003 .6? . . . . . . . . *0.2°

cd ● *.* Flap position:’ . ... *0.001c+0.0003 ‘
‘mi,n

No attempt was made to determine the effect of hinge
fittings because the effect is bel~eved to be small. The
relative merits of the several flap.arrangements .khould
not’”be appreciably affected by hinge-fitting drag because
similar hinge fittings were used for all. , : 1:.,.:d,.

.—

The complete aerodynamic section characteristics of
the plain NACA 23012 airfoil are given in figure 2. These
data ha+e been discussed in reference 1 and therefore” re-
‘quire no further discussion here.

;Fowler Flap, .,

The aerodynamic secti”~n characteristics of the ‘~ACA
23012’”airfoil with a 0~30c, :170wler fl-ap at “the optimum” gap
‘are giyen in “f”igur8 3. The ma”ximum lift c“o.efficient,
c1 “ = 3“.30, “is much higher than “’that reported in refer-

max .. ,. :.-’:

“ence 1,where the flap w.a~ a’l~o o-f NACA 23012 profile.” The
pitching moment of this” flap” ‘a-riangemb:nt”is very high and
migh’t limit the use of th”lq “fl’ap“in“s’om,e.de”signs.

.: :.: .. .
,.. .The effb”Cf of” slot ‘g-ap:‘o~-th@: ‘a8r-o-dynamfcsection

chara”cteristic~s of the’”NACA~””230,1’2:~ai,r”fOilwith a 0.30c
Fowler”’flap “isgivsn’:f,n ‘f’i,-gude’4=,A The effect ,of either
increasing or :de~crea,singt-he ga~~~fr-om’0.CY15c whs” to de-
crease ‘the maz”imum li?t and’ in”ci’ease the profiie dra-g-;
These results show the o~tim~ gap t:o,rbesmalle,r than for
the arrangem~g’t” ‘i?e”pb>”t~”a”i’m‘“refae”~enqe-”’l.

,. > ..,. .
, ‘:’ .. .....

‘No teStS ‘Wkr.em’ad~’tb deter’mi’ne the a“dverse effect of



a break in the lower sur.face “with flap retracted because
a simple member could be made %0 cover this gap and seal. . . . ..
the slot~’ “ ‘ ,.’, ,. ... ..

,Slotted Flaps “ “

. . The aerodynamic section characteristics of the NJ?.CA
23012 airfoil withthe two arrangements of slotted flaps
with extended.lips are given in figures 5.to 10. Figures
5 to 8 give the characteristics for the airfoil-flap ar-
rangements tested and figures 9 and 10 are comparisons of
the different arrangements.

The effect of the slot gap on the..mqximum section
l%ft coefficient of these arrangements is given in figure
9. The maximum values of “lmax for slotted flap l-a

with the O.OIC gap.were about the same as for flap l-a
with the 0.02c gap; with the O.OIC gap a flap deflection
of 50° was required. whereae a deflection of only 400 was
required with the 0.02c gap. Flap l-a with the 0.30c gap
gave maximum lift at a flap deflection of 300 but with a
lQSS Of 0“.17 in Cl from the values for the smaller

max
gap-s. Slotted flap l-b with a gap of 0.02c gave a ellght-
ly lower value of maximum section lift coefficient than
slotted flap l-a with the same gap.

A comparison of profile-drag characteristics for the
various arrangements of slotted fla s with extended lips
is given in figure 100 7Figure 10(a shows that, through-
out the lift range of slotted f>ap I-bj there is no appre-
ciable difference in the profile drag for the two flaps
btit that the profile drag of. slot.teilflap l-a increases
rapidly al)ove the maximum lift of flap l-b. Figure 10{b)
shows t~at slotted flap L-a.with a gap of 0.02c appears
tb be most desirable if the criterion of low dra~and high
lift is used. .S~otted flap l-a With the 0.03c gap had
approximately the ’same” profile drag as with the 0.02c gay
for values of the lift, coefficient less than 2.30 Slotted
flap l-a with the, O.OIC gap,.gave lower profile drags for
values of ~he’,li$t “coefficient above .2.8 but had much
higher ?profile drag than the arrangements with larger gapa
over’ the lift $an&e, $rom -ct = 1.4 to cl = 2.8.

*

,
No ~ests were mad~ .to dq~ermine”-the” effect of the

break in the ldwer surfaoe of the airfoil with flap re-
A

tracted because ,the effectis. thought.to be small for
—.



NACA !lechntlcal Note No. ”808 7

0

slotted flap l-a, as “the.lower surface would be sealed un-
der such conditions. Inasmuch as the-change in slot
shape had no adverse effect on the airfoil-flap charac-
teristics, such tests would have little value.

From the results of these tests it would appear
that the Fowler type flap could have a similar seal with
no adverse effects on the aerodynamic section character-
istics.

.

Comparison of Three Slotted Flaps “

A comparison of increments of section maximum lift
coefficients is given in figure 11 for the two flaps
tested and.for a 0.2566c slotted flap 2-h. (See refer-
ence l.) For the arrangements tested, the maximum lift
coefficient tncreases as the slot lip is moved toward the “
rear, reaching a maximum value of 3.30 for the Fowler
flap.

In order to get a more comprehensive comparison of
the three flaps, the value of pitching moment should be
accounted for because the pitching moment also increases
as the slot lip is moved toward the trailing edge. Tail
loads necessary to compensate for the adverse pitching
moment were therefore computed, and” the effective section
maximum lift coefficients as a function of tail length t
are shown in figure 12. The tail l’bngth In this paper is
the distancb from the aerodynamic center of the airfoil
to “the.c’enter’of pressure of the ‘tail, expressed in air-
“fo”$l chords. ” These values are based, on ‘a theoretical cen-
t’er ‘of ~gravity-at the aerodynamic centea’ of’the wing with
*he”flap fully retracted. If the center of-gravity Is
ahead of the aerodynamic center of the airfoil, the tail
load will increase as some function of the” increase in
tail length and the lift of the”ying; but, if the center
of gravity is back of the aerodynamic center of-airfoil$
the tail load will decrease by a similar functicn. With
this method of comparison the I’owler flap also gives
greater maximum’: e’ffective section lift ooeffi~ients than
the other two flaps, but the slotted flap with extended
slot lip is not. appreciably better than slotted flap 2-h
(reference 1) for a tail length of 2 airfoil chords. For
tail lengths of 2.5 chords or more the slotted flap with
extended $lot lip gives a greater maximum effective sec-
tion lift coefficient than slotted flap 2-h. It might be
possible with a flap of different camber and a gap of
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0.0150 to obtain higher maximum effeotive seotion lift -.

coefficients with the extended-lip slotted flap.

A comparison of profile-drag characteristics for the
three flaps is given In figure 13. The plain airfoil has
the lowest profile-drag coefficients for lift coeffiolents
less than 0,90. The slotted flap 2-h (reference 1) has
the lowest profile-drag coefficients for values from c1 =

0.9 to cl = 1.9. Above a value of cl = 1.9, the Powlep

“flap has the lowest profile-drag ooeffici.pnts. In cases
where high lift with high drag is needed to make safe
landings, the slotted flap with extended lip would be the
most satisfactory. Here again by changing the camber and
the gap,it might be possible to obtain values of’ profile-
drag coefficient lower than those shown for the-slotted
flap with extended lip.

CONCLUSIONS

Xor the arrangements tested9 the extension of the
slot lip to the rear increased the section coefficients
of lift and pitching moment of an NACA 23012 airfoil with
slotted flap. !J!heB’owler arrangement. gave the largest
effective maximum lift ooeffioient and the lowest drag
coefficient at high lift. For tail lengths greater than
2 chord lengths the slotted flap with extended lip gave
slightly higher maximum lift coefficients than the slot-
ted flap with, a shorter lip, extension previously devel-
oped by the NACA, The extension of the lower surface at
the leading edge of the slot had no appreciable effect
on the profile drag of the” airfoil-flap arrangement with
flap deflected and slightly. increased the maximum lift
coefficient. Such an arrangement could probably be added
to the Fowler flap with little or no effect on the profile-
drag characteristics.

u

,...
Langley .Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautic,e9
Langley Field, Pa., April 12, 1941.
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TABLE I.- ORDJ.HA!l!ESYOR AIRFOIL, I’LAP, AND SLO!C SHLPES

rStationS and ordinatefi in Percent of airfoil chorti]
&

~ACA 23012 airfoil

ste,-
tion

0
1.2:
2.5
5
7.5

10
15
20
25
30
40
50
60
’70
80
90
95
.00

tJpper Lower
sur- sur-
“face face

0
2.67 -1.23
3.61 -1.71
4.91 -2.26
5.80 -2.61
6.4Z -2.92
7.19 -3.50
7.50 .-L97
7.60 -4.28
7.55 -4.46
7.14 -4,48
6.41 -4.1?
5.4’7 -3.67
4.36 -3.00
3.08 -2.16

1.68 -1.23

,.92 -*7O

.13 -.13

;.Z. ra6,iUs: 1.58.
slope of radius
t~rou@ end of
chord: 0,305

Clark Y -

Sta-

tion

0

.375

.75

1.50

2.25

3.00

4.50

6.00

9.00

12.00

15.00

18.00

21..30

24.00

27.00

28.50

30.00

Jpper
5ur-
face

1.05
1.64
1.95
2.37
2.65
2.88
3.21
3.4L
3.51
Z.42
3.16
2.75
2.20
1.57
.84
.45
.04

L.l!. radius:

lower

sur-

face

1.05

.58

.44

.28

,19

.13

.05

.01

0

0

0

0

0

0

0

0

0

0.45

Slotted flap, mod-
ified Clark Y

Sta-

tion

0
.375
.75

1.50
2.25
3.00
4.50
6.00
9.00

12.00
16.00
18.00
20.00
21.00
24.00
27.00
28.50
30.00
——

Jpper
sur-
face

1.05
1.64
1.96
2.39
2.69
2.92
3.27
3.48
3.63
3.60
3.40
3.05
2..76
2.57
1.86
1.08
.70
.25

L.E. radius:

tower
.9ur-
face

1.05

.58

,44

.28

.19

.13

.05

.01

0

0

0

0

0

0

0

0

0

0
.—

0.45

Slot, shape
slotted flap

T

Sta- Ordi-

tion nate

69”.96-3.10
69.96 -1.88
70.83 -.90
72.92 .23
77.08 1.25
80.00 1.58
81,25 1.67
83.Z3 1.79
85.42 1.88
86.88 1.90
90.001 1.59
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